Abstract Wellness state is affected by the habitability state of the domestic environment. Monitoring it can help to discover the causes of a low wellness levels aiding people in the improvement of their quality of life. In this paper, we propose a system to monitor the wellness state of people utilizing Likert's scale to determine the state of the user through an emoticon-based human-computer interaction. The system is intended for domestic environments and measures the habitability conditions of the dwelling (such as temperature, humidity, luminosity and noise) employing sensors. An algorithm is designed in order to establish how to measure those conditions and to calculate the statistics that allows tracking their progress. The obtained information is presented to the user to compare his/her wellness state with the habitability conditions. Measures in a real domestic environment were performed in order to determine the configuration of our system. The energy efficiency of the algorithm provides an improvement between 99.36 and 99.62% in the energy consumption depending on the selected parameters.
Introduction
The awareness on the wellness state of people has been gradually increasing throughout the years. There are many e-health monitoring proposals that allow to determine the evolution of the state of a patient [1, 2] . But as life expectancy increases, the next concern is how to live a rewarding life and improve the well-being of people [3] . In 1950, Halbert L. Dunn introduced the concept of wellness as we use it nowadays [4] . Both physical and mental states are some of the aspects that greatly affect the wellness state of a person. However, these aspects can, in turn, be compromised by external agents.
The domestic environment can significantly influence the health state of the inhabitants of the dwelling and their wellness state [5] . The Organisation for Economic Co-operation and Development (OECD) includes housing conditions on its survey about well-being [6] . Some of the habitability factors they address on what affects the wellness state of the people are dampness, exposure to noise, and indoor air quality. Indoor temperature is another factor that can cause a decrease in the health of the people. Many researches study the effects of temperature on respiratory diseases [7, 8] but temperature is also the cause of other afflictions. Because the heat waves are more and more frequent, each year, the number of people affected by them increases. In countries that usually experience high temperatures, news on people affected by heat strokes or its symptoms are constantly on the media. In 2003, the number of deaths by heat stroke in Spain reached 169 [9] ; however, the number of people With any condition related to their well-being due to these heat waves is much higher . Not having good housing conditions increase the probability of developing bad physical and psychological conditions leading to an increase in health costs such as hospitalizations and prescriptions, which is paid by the government or civilians themselves depending on the country [10] . The aforementioned reasons manifest the importance of measuring the well-being of people in domestic environments. Still, in order to determine the wellness state of the inhabitants of a house the interaction between the system and the user is needed.
Human-computer interaction (HCI) between users and e-health applications should be fluid and easy. These applications can be employed by people with health states ranging from an outstanding health to patients with chronic illnesses, severe pain or with reduced mobility, among other conditions. In order to provide the best quality of experience (QoE) when utilizing an application, factors such as the difficulty of employing the application, its performance, the appearance or the time it takes to learn how to use the system have to be considered [11] . Nowadays, emoticons are employed every day to provide emotions to express feelings and compose communications where it is not possible to interact with a human. The emotions the emoticons portray are widely known and its use has gained so much popularity. Because of that, the available icons have been increasing through the years and social media is offering a wider selection. Including emoticons in HCI allows to obtain a more accurate description of the state of the user as well as to portray information in a more meaningful way [12] .
In this paper, a system that monitors the quality of life of the people in domestic environments is proposed. It presents a sensor network that measures habitability conditions of a domestic environment and provides the information to the user. The system also presents an HCI functionality that allows determining the wellness state of the user by selecting the emoticon that represents a certain state. These emoticons are accompanied with the name of the state in order to better identify a certain condition. This allows having a two-way communication where the user provides his or her condition to the system and the system provides the information on the habitability conditions as well as the development of the wellness state of the user. We also perform measures in a real setting and determine the energy consumption of the data forwarding of our system. Our contribution highlights are:
• Proposal of a monitoring system to measure the quality of life of the user.
• Development of an algorithm to improve the energy efficiency of the system.
• The prototype of the habitability monitoring sensor network that communicates with the system. • An HCI functionality that interacts with the users both for knowing their wellness state and to inform them of their wellness state and the habitability conditions of their home.
This system can be deployed in different indoor environments. Not only in dwellings but also in hospitals, nursing homes, hotels, cruises or any other enclosed environment where it is important to know and improve the wellness state of the people.
The rest of the paper is organized as follows. The related work is presented in Sect. 2. Section 3 presents the proposal of our system. The HCI functionality is depicted in Sect. 4 . Results are discussed in Sect. 5. Lastly, our conclusion and future work are provided in Sect. 6.
Related work
In this section, the related work is discussed. The main aspects considered in this section are e-health and wellness monitoring technologies, the effects of the state of the dwelling and its consequences on the well-being of its inhabitants and HCI applied to e-health applications.
Technologies focusing on e-health and specifically on wellness are getting more and more popular. Nowadays many studies are introducing it to their proposals. A prioritybased protocol for assisted living is proposed by Ghayvat et al. in [13] . It performs real-time analysis, data streaming, decision-making and control functionalities. They obtain a reduction ranging from 60 to 72% of the data in comparison with ZigBee. Forkan et al. present in [14] a wellness monitoring system for adults suffering from cardiac diseases. Social media is employed to provide the health condition of the patient to his or her contacts. This information is captured by electrocardiogram (ECG) sensors and a fitbit device. In the event of abnormal readings, a notification is sent through Facebook to the contacts of the patient. An application to improve the mental health of students is implemented in [15] by Booc et al. It provides anonymous mental aid to its users. The application also gathers information of the demographics of the users in order to obtain statistics on the overall mental state of the campus. Khan et al. propose in [16] personalized ubiquitous life-care decision support system (PULSE). It employs wellness information gathered from clinical data and life style information to provide a personalized recommendation. A system that provides recommendations of suitable physical activity to improve well-being is presented in [17] by Lim et al. In order to do so, they employ information on the daily activities of the user utilizing wearable sensors and a smartphone. They also apply an algorithm in order to suggest the best physical activity. Tulu et al. propose in [18] an application to improve the wellness state of adults suffering from type 2 diabetes. An application that predicts cardiac problems by gathering heart rate information through a wearable device is presented by Kaur and Siddaraju in [19] . The application provides a recommendation of the necessary measures to take in order to improve the wellness state of the user. For that purpose, the recommendation provides advice in diet and physical activity. Arshad et al. propose in [20] a monitoring system to measure vital signals and sleep patterns of elderly people. It is intended to be deployed inside the bedroom of the patient by placing movement sensors on the bed and temperature and humidity sensors by the door of the bedroom. The system also presents an alarm functionality in order to alert of an emergency situation.
Domestic habitability parameters are related to the wellness state of the inhabitants of the dwelling. Martin et al. perform in [21] a study of the effects of damp in physical and mental health. Results show that inhabitants of damp houses are prone to be more nervous and respiratory symptoms increase in children in comparison to those living in non-damp houses. The existence of mold worsens the condition of the people. A survey on mental health depending on the type of dwelling is presented by Evans in [22] . They conclude that people living in multi-dwelling housing are more likely to suffer from bad psychological health, specifically anxiety. A review of the effects of housing in public health is presented in [23] . Mary Shaw suggests that cold temperatures, dampness and lack of ventilation are related to respiratory diseases. She also relates extreme cold temperatures to a raise of blood pressure, serum cholesterol and myocardial infarctions in extreme cases. There is also a higher number of elderly deaths during winter. Indoor air pollution, such as radon, is related to lung dysfunctions and lung cancer. Thomson et al. perform in [24] a survey that relates housing and health. Results show that better temperature conditions inside the house lead to a better relationship between inhabitants. It also improves respiratory health problems, general health problems and mental health. They state that the impact of better conditions is very significant to those with chronic respiratory diseases. A study on skin conditions of farm workers due to housing conditions is presented by Gustafson et al. in [25] . They conclude that pruritus cases were more likely to happen to people living without air conditioning, rash was related to low humidity and scaling happened with dwelling temperatures in the thermal discomfort range. Laquesta et al. implemented in [26] a system that recommends the best neighborhood to live in based on the wellness state of the user. For that purpose, they employ a wearable device to measure heart rate variability (HRV) while visiting several housing options. Then, the data are analyzed by an algorithm that provides the recommendation of the dwelling that allows the users to have the best wellness state possible.
Human computer interactions (HCI) in e-health applications are of great importance due to the impact they can have on the wellness state of the patient. There have been several proposals on HCI systems for both e-health and other applications. Isiaka et al. propose in [27] a HCI model that employs non-obstructive techniques in order to predict the behavior of the user. They present an algorithm to measure the interaction and stress levels of the user employing the data collected from skin conductance measures (SCM). Results show that the performance of the model is accurate enough to distinguish the patterns of the users. An HCI system that employs eye movement and electroencephalogram (EEG) signals to provide locked-in syndrome (LIS) patients with a form of communication is proposed by Han et al. in [28] . The system allows patients to use their eye movement to perform the functions of a mouse or a touchpad. The EEG signals provide the information on whether the user is looking at the display consciously or not. The results show an average accuracy of 85%. Chen et al. propose in [29] an HCI system for cars in order to prevent driver distraction. They have considered an intuitive interaction framework and a transparent windshield display and they address the difficulties of both solutions. Participants gave an average Mean Opinion Score (MOS) of 3.71 for ease of use, 3.62 for usefulness and 3.57 for non-distracting. A technique for feature extraction employing 2D-LDA and 2D-PCA is presented by Kamal et al. in [30] . They employed the Support Vector Machine (SVM) and KNearest Neighborhood (KNN) classifiers and obtained a 97.63% accuracy for the JAFFE database and 94.8% accuracy for the Cohn-Kanade database. Lastly, Agrawal et al. propose in [31] a method to recognize hand movements and gestures in order to interact with computers. It uses a Senz3D camera and analyzes the 3D data to classify hand gestures. It is able to replace devices such as keyboards and mice. They conclude that the propose method outperforms existing ones.
Our proposal compiles e-health monitoring, domestic environment monitoring and HCI aspects presenting a wellness monitoring system based on domestic habitability parameters that includes a dynamic and easy to use HCI. The HCI functionality allows providing a two-way feedback between the user and the system. With our contribution, we provide the means to study in detail the effects of the conditions of the dwelling on the wellness state of its inhabitants providing a new technology to improve the overall quality of life of people.
Proposal
In this section, the habitability parameters we have selected are detailed as well as its effects on health. The topology of the system will be depicted as well. An algorithm to establish the method of acquiring measures are proposed as well. Lastly, we present the mathematical model for calculating the energy expense of our system.
Habitability parameters
The habitability parameters employed in this system are described in this section. The way people can be affected both psychologically and physically by those parameters is presented as well. There is a large quantity of researches on the effects of different habitability parameters and its effects on the health of the inhabitants of the dwelling. We have selected the parameters that we considered to be the most significant.
• Temperature Temperature changes can have a great impact on health. Recently, Europe is facing more and more heat waves and cold fronts leading to unusual temperature conditions that many households are not able to face economically [32] . It results in a decrease in the wellness state of the inhabitants of the house as well as a decrease in their health. Extreme temperatures lead to an inadequate response of the thermoregulatory system, a high loss of water and electrolytes needed for the correct operation of the organs, cramps, dehydration, heat strokes, motion instability, convulsions and coma [33] . Children and elderly people as well as people with chronic illnesses, cardiovascular, respiratory and mental illnesses, some medical treatments or people under the effects of alcohol and drugs are at risk with extreme temperatures.
• Humidity Dampness in domestic environments is related to cough, wheeze and asthma as well as tiredness, headache and upper airway infections [34] . It also can lead to the apparition of mold and fungal spores, which can produce allergies, asthma and other respiratory symptoms such as waking because of shortness of breath or chest tightness [35] .
• Luminosity Having inadequate luminosity leads to changes in the circadian rhythm affecting the quality of sleep [36] . High luminosity increases the tendency of doing physical activity, whether low exposure to daylight decreases vitality [37] . Good lighting also improves the condition in people with stress and the overall mood of a person [38] , as well as some symptoms of Alzheimer's disease [39] and depression [40] .
• Noise Noise can affect people on various levels depending on the moment of the day. Usually, at nighttime people are more sensitive to noise than at daytime. Because of that, many of the effects caused by noise are related to sleep deprivation [41] . It is also associated with higher stress which can develop into an increase in the cardiovascular risk.
Topology
In this subsection, the topology of the system is presented. The message exchange between the elements of our system is also depicted considering the different cases that can occur depending on the variation of the habitability parameters. The topology of our system is presented in Fig. 1 . The sensor node is located in a spacious place without being covered by any furniture. The habitability parameters measured by the sensors are delivered to the database. It stores both the habitability parameters and the data on the wellness state of the user. The smartphone receives the information from the database and obtains the wellness state of the user with the HCI based on emoticons. This allows having a two-way interaction between the user and the system that permits the correlation between the measured metrics. Doing so, users can visualize the progress of their wellness state as well as the statistics on the habitability parameters on their smartphones.
The messages exchanged between the devices and the database are presented in Fig. 2 . Firstly, the threshold and forwarding time settings are transmitted to the sensor node. Every time a message is received an acknowledgement message (ACK) is sent in order to confirm the information has reached its destination. The sensor node measures the habitability parameters, calculates the statistics and sends the results to the database. The database sends the results in order to be visualized on the smartphone. The smartphone is asked for the wellness state and after the user has indicated his or her state, the data are forwarded to the database. The wellness statistics calculations are done and the results are forwarded to the smartphone in order for them to be accessed by the user. When the parameters have not changed, the sensor node sends a message specifying to maintain the values. Then, the statistics are updated.
Habitability measures
The process of acquiring the data on the habitability parameters is described in this subsection. An algorithm that measures the habitability parameters and decides when to send the information is presented. The configuration of the data in the IPv6 packet is also presented.
In order to measure the habitability parameters, we have employed temperature, humidity, luminosity and noise sensors. The sensitivity of the sensors is 0.1 • C for the temperature sensor, 0.1% for the humidity sensor, 1 lux for the luminosity sensor and 1 dB for the noise sensor. As constantly forwarding the gathered data would consume a lot of resources, we have designed an algorithm to collect and decide the data that can be transmitted. Figure 3 presents the proposed algorithm. Firstly, the system sets the thresholds for all the parameters. Although the default values are 5% for humidity, 0.5 • C for temperature, 10 lux for luminosity and 5 dB for noise, the user could personalize the thresholds introducing in the system the desired values. Then, an initial measure is performed in order to establish the values for X T , X H , X L , X N . X T is the reference temperature value, X H is the reference humidity value, X L is the reference luminosity value and X N is the reference noise value. The measure counter is then initialized to cero and the maximum luminosity value, Y ML , and maximum noise value, Y MN , is also set to cero. For temperature and humidity, measures are performed each minute and forwarded at the time specified by the system thus, the measure count is provided by the database in order to transmit the data. For luminosity and noise, the measures are taken every 0.1 s. The average temperature, Y aT , average humidity, Y aH , maximum luminosity value, Y ML , and maximum noise value, Y MN , are set to cero as well. The measures are performed after that. Depending on the measure, the process is different. That is because for temperature and luminosity the average is calculated and for luminosity and noise, the maximum value is determined. The measure counter increases by one each time a measure is performed. When the counter reaches t, the algorithm reaches the forwarding decision-making. t 1 and t 2 are different and the tests performed to determine their values are presented in Sect. 5. The obtained measures are compared with the reference value in order to determine if the threshold has been surpassed. If so, the standard deviation is calculated for both temperature and humidity and it is forwarded along the average temperature and humidity. If the threshold has not been reached, the previous value is maintained and the counter is set to cero again. Now, we have to decide the codification of the information in the data portion of the IPv6 packet. The first parameter transmitted will be the noise. Noise can have values between 0 and 90 dB, thus it will consume 7 bits to codify the data. The second parameter is the luminosity; the luminosity can present values between 0 and up to 10,000 lux. To transmit it, it will be necessary to use 14 bits. The humidity is the third transmitted parameter, with values between 0 and 100%. Therefore, 7 bits must be employed for humidity. The last variable will be the temperature; it can take values between − 18 and 46 • C. According to the number of needed bits, we will use one octet per parameter to transmit noise, humidity and temperature. For luminosity data, two octets must be used, see Fig. 4 .
Analytical model
In this subsection, the analytical model used to describe the energy consumption of our system is shown. Based on [42] , Eqs. 1-5 can be used to estimate the energy consumed per bit in the transmitter-receiver model. It is assumed that energy dissipated in electronic transmission and reception is 50 nJ/bit, and 100 pJ/bit/m 2 in output transmission [43] . The maximum energy consumed in coding and decoding will be 0.55 nJ/bit, which corresponds to AES encryption [44] .
where E bit-tx = P tx_e header + payload + trailer rate
E bit-rx = P rx_e header+payload+trailer rate
and E bit-tx energy consumed per bit in electronic transmission E bit-out energy consumed per bit in output transmission E bit-rx energy consumed per bit in electronic reception E bit-cod energy consumed per bit in coding/decoding processes When our proposed algorithm decides to send a packet, the energy consumed by the sensor will be given by Eq. 6:
where k is the size of the frame sent by the sensor, and p is de size of the ACK sent back by the gateway. In order to save more energy, the system will use UDP protocol instead of TCP. This will reduce 96 bits the amount of bits transmitted, in addition to save the bits and time necessary to establish a TCP connection. Since the communication between sensors and gateway is using IEEE 802.15.4, UDP and IPv6, the minimum value of k is 80 bytes, when a data frame sent by the sensor contains a one-byte parameter. In the other hand, the maximum frame size will by 84 bytes, when three one-byte parameters and 2-bytes parameter are sent. The size of the frame sent back by the gateway, for acknowledgment purpose, is 79 bytes, which consists of a frame with no data in the UDP payload. Under these conditions and considering a distance of 3 m, the minimum of energy consumed per frame is 64.876 µJ and the maximum is 66.522 µJ.
Interface
In this section, the interface of our system is presented. An emoticon-based HCI in order to determine the wellness state of the user is proposed. The options, advanced settings menus and the habitability reports are also depicted. Also, the wellness state management algorithm is presented.
Different states are available. The selected states are 5, based on Likert's scale, from feeling great as value 5 to very bad as value 1. The reason to use 5 different options is that it allows us to convert the qualitative data into quantitative data in order to analyze it as numbers ranging from 0 to 10 as it is presented. The proposed HCI is displayed in Fig. 5 . We have focused on designing a minimalistic interface dynamic and easy to understand. The user can select easily the wellness state that better suits the current moment without consuming much of his/her time. Emoticons allow a better understanding of the state and engage the user in providing the wellness state as people are familiarized with employing them and understand their meaning. The name of the state is also written and different colors have been assigned to each state in order to avoid any doubts from the user, see Fig. 5 .
The advanced settings allow the user to determine specific thresholds for the habitability parameters. The options available for the interface are presented in Fig. 6 . The user can choose to enter the wellness state without being asked to do so, visualizing the daily report, the wellness report, the habitability report or selecting the advanced settings Another feature of the advanced settings is the "At home hours" shown in Fig. 7 . It allows the user to specify the hours he or she will be at home and can be notified about the request to enter the wellness state. Usually, in week days people have a regular schedule so the time can be specified for all the week days at once. The same happens with weekends. The blue box indicates the night hours the user is going to be at home and the yellow box is for the daytime. Other time ranges can be added selecting the plus button and introducing the time and the day of the week. This information is employed to shut the system down when the user is not at home, as there would be no change in the user as a consequence of the habitability parameters and the system would be consuming energy without obtaining information on the user.
The setting established in order to avoid disturbing the user when he or she is sleeping as well as for applying the conditions specified for the night is displayed in Fig. 8 . It allows differentiating between weekdays and weekends. The display presented in Fig. 9 is an example of one of the parameters. As there are three ranges, from green to red depending on the disturbance placed on the user. Settings for day and night are different thus, two sets of maximum and minimum thresholds can be modified. The yellow box indicates that the threshold is for daytime and the blue one indicates that the threshold is for nighttime. The system is configured with our proposed values but users are able to modify the settings at any time in order to better adjust the system to their needs. This information is then employed to generate some statistics about the progress of the user.
The display for the habitability report sorted by parameter is presented from Figs. 10, 11, 12 and 13. Figure 10 presents the temperature report. It can be seen how the temperature changes through the day in each room of the house. For instance, in this case, higher temperatures are reached through the evening and colder ones at the early morning. The report for the humidity is shown in Fig. 11 . It can be seen that the humidity for that day declined in the morning and then, increased again to start decreasing greatly again.
The luminosity report is displayed in Fig. 12 . As it can be seen, there is a big increment during the day. The kitchen reaches higher levels of luminosity, partly because it is more exposed to daylight. That also influences the temperature, which is higher than the other rooms of the house. The noise report is presented in Fig. 13 . It is noticeable that this parameter fluctuates more than the other ones. Also, noise at night is considerable lower than during the day. The changes in the noise are related to road traffic and the everyday life activity of the inhabitants of the dwelling. These graphs show the information for a user who spends 24 h at home. For a normal day when the user goes to work and leaves the house, there would be less information.
The habitability report sorted by room, in this case the kitchen, is presented in Fig. 14a, b . The results are the same as the ones presented from Figs. 10, 11, 12 and 13 but, in this case, the figure displays the evolution of temperature, humidity, luminosity and noise for one room. This allows comparing all the parameters at the same time in order to have a quick overview of the conditions of a room. Although the parameters are not related, this graph allows to easily scan the condition of one room without going through different menus.
The algorithm for the wellness state management is presented in Fig. 15 . When starting the system, the user is asked about his or her wellness state in order to have an initial value. Then, if a change in the habitability parameters occurs, the user is requested to enter his or her wellness state. After that, the statistics are uploaded and the algorithm evaluates again if a new habitability value has been received. Even if a change has not occurred, the user can provide the wellness state if wanted. The statistics are then uploaded.
Results
In this section, the results of employing our proposal in a real scenario are discussed. The sensors were placed in a house and the data were gathered during one day. The tests were done in a small unipersonal studio with two rooms with windows overlooking the street, being one bedroom and the living room. The other rooms, which are the kitchen and the bathroom, have windows overlooking the light well. The layout of the house is shown in Fig. 16 . The red spots represent the sensors, see Fig. 17 , while the blue spot represents the gateway location. In each Ardunio node four different sensors are connected to sense the temperature, the sound, the humidity and the luminosity. The nodes are placed along the entire home; there is one sensor in each room is shown in Fig. 16 . The nodes are wireless connected to the gateway Fig. 16 ) using WiFi technology. The gateway is placed in the living room and it is almost equidistant to the nodes. The house is placed in a medium-concurrence road. During the measured period, no neighbors were living in the surrounding studios. The coordinates of the house are the following: 38 • 55 07.5 N 0 • 06 52.8 W. The measures were toked during the 28th of June. No air conditioner machines were used during the data gathering period in order to obtain as much real data as possible; however, the lights of different rooms were used. Only one person was living at the house during the measures and she followed the routine of her everyday life.
In order to test the performance of our proposed system and its operational algorithm the changes on the sensed parameters are shown. First, we need to study the changes of each variable during a short period of time in order to justify the different sensing period of each parameter. In Figs. 18 and 19 , we can see the changes in the living room of each variable for 1 min when nobody is at home. On the one hand, it is possible to see that humidity and temperature remain almost constant, with a standard deviation of 0.58 and 0.24, respectively. On the other hand, luminosity and noise have a lot of variation. Luminosity had a lot of changes of ± 1 lux from the central value of 12 lux, the standard deviation of the gathered data is 6.29. Finally, noise has huge variations due to the changes in road traffic. The maximum value is 51 dB and the minimum is 29 dB. Based on those initial values, different sensing times for each variable are set. Luminosity and noise will need 0.1 s of monitoring each, as it is done in this test, in order to obtain as much information as possible. In contrast, the values for temperature and humidity will be monitored each minute thus t 1 = 1.
To confirm that the proposed sensing period for humidity and temperature are enough, new data of temperature and humidity were gathered during 20 min. The data are shown in Fig. 20 . The data were taken during the late afternoon just before it started to rain. The maximum temperature is 30.7 • C and the minimum temperature is 25.71 • C. The minimum humidity is 46.2% and the maximum is 48.6%. Now, the results of applying the protocol in different moments are shown. As the variable that changes the most is noise, the protocol is tested with noise data. Four different noise data sets with different changing rates are used. The data were gathered during 58.7 s.
First, the data that would be registered by system with and without employing our algorithm is going to be determined. Four different options are modeled to send the data, the traditional forwarding with no algorithm (N.A.), or the other options which are: (1) t 2 = 10, (2) t 2 = 50 and (3) t 2 = 100. This corresponds to time intervals of 1, 5 and 10 s. Figures 13, 14, 15 and 16 present the available data in the system with the different sending options, gray with NA, red with t 2 = 10, blue with t 2 = 50 and green with t 2 = 100. In Fig. 21 , the data gathered in the kitchen are shown. Because of the situation of the kitchen, few changes on noise occurred during the period of data gathering. Thus, the changes on noise are lower than the threshold of 5 dB and the data are sent only one time when the algorithm is used. For this reason, the available data in the system are the maximum value in dB during the first 1, 5 or 10 s, according to the selected t 2 . The data gathered by the sensor placed in the bathroom are shown in Fig. 22 . In this case, the changes are greater than in the previous case and they overcome the threshold, so more data are sent. It is possible to see how the data available in the system follows the pattern of the data gathered without the algorithm. In this case, different data are sent to the system in different moments when the algorithm is employed to update the available data. The result of applying the algorithm with the data gathered in the bedroom is shown in Fig. 23 . In this case, even greater changes than in the bathroom happened during the data gathering. The reason is the location of the bedroom. It is closer to the street than the kitchen and the bathroom. Again, it is possible to see how the data available in the system reproduces the changes of the real data. Finally, Fig. 24 presents the results with the data gathered in the living room. It is in this room where the highest number of changes occurred. Although some data may not be forwarded, the system is able to obtain all the information. That occurs because, when employing the algorithm, the collected data are highly similar to the real data. The generated traffic of our proposed system, when applying the algorithm with different t 1 and t 2 and without applying the algorithm, is shown in Fig. 25 . For this data, we consider the sent packets of the previous cases, Figs. 21, 22, 23 and 24, that are corresponded to the four sensors placed at the house and the ACK from the gateway. In the worst case, when the four sensors gather data that changes in comparison to the previous data, our system generates the same traffic that the system without the algorithm, 636 bytes/s. However, in most of the cases the traffic generated by our system with the algorithm is 0 bytes/s, while the proposal without the algorithm generates 636 bytes of traffic each 0.1 s. The total generated traffic during the entire test is 2.385 kb with t 2 = 10, 2.067 kb with t 2 = 50, and 1.431 kb with t 2 = 100. By the other side, without the algorithm the generated traffic is 373 kb. The proposal results in a high reduction in the traffic while the available data reproduce accurately the data without algorithm.
Finally, the consumed energy of the proposed scenario is shown in Fig. 26 . The consumed energy is represented as the accumulated consumed mJ in time. The energy consumption of all the nodes is considered, but not the energy consumed by the gateway. As in the generated traffic, our system with the algorithm supposes a huge energy saving. Not only because the reduction in the sending time, 0.1 s without algorithm or 1, 5 and 10 s with the algorithm, also because data are not forwarded each possible sending time. In the one hand, in the case that N. A. is used, each 0.1 s a total of 0.259504 mJ are consumed in the system. The total consumed energy with N. A. during the 58.7 s is 152.59 mJ. On the other hand, when the algorithm is used, the total energy consumed to send the data is reduced to less than 1 mJ in all the cases. The consumed energy with t 2 = 10 is 0.973 mJ, with t 2 = 50 is 0.843 mJ, and with t 2 = 100 is 0.584 mJ. That implies a 99.36, 99.45, and 99.62% of energy saving for t 2 = 10, t 2 = 50 and t 2 = 100, respectively. 
Fig. 26
Results of apply the algorithm with real data from the bedroom
Conclusion and future work
In this paper, we have presented our system for monitoring the wellness state of the inhabitants of a dwelling based on the habitability parameters measured at the house. We also propose an emoticon-based HCI in order to gather the data on the wellness state of the user. A forwarding decision-making algorithm was designed to measure and determine when to send the gathered information to the database. Tests in a real domestic environment were performed in order to determine the best settings for the forwarding decision-making. Also, the energy consumption was measured obtaining 0.973, 0.843 and 0.584 mJ for t 2 = 10, t 2 = 50 and t 2 = 100, respectively. The energy consumption without utilizing the algorithm was 152.59 mJ, resulting in an improvement in energy consumption of 99.36% for t 2 = 10, 99.45% for t 2 = 50, and 99.62% for t 2 = 100. Considering the results, we have decided to employ t 2 = 50 because with higher values too much valuable information is lost. Also, both t 2 = 10 and t 2 = 50 lead to similar results so we have determined that t 2 = 50 is the best value.
As future work, we are planning to employ sensors for ambient assisted living monitoring [45] to measure subjective wellness state parameters. That way, we will statistically study the correlation between habitability and wellness conditions in order to provide a better assessment of the quality of life of the user. Also, we are planning to adapt our system to different conditions of the user, for example, people with chronic illnesses, in order to develop several alarms to detect if the state of the user is getting worse. We also want to provide artificial intelligence to our system in order to recommend the room with the best conditions for the user, as we have previously done in [26] . through the grand "Ayudas para contratos predoctorales de Formación del Profesorado Universitario FPU14/02953".
